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Abstract  
Water meters, as one of the most important components of the urban water distribution 
network, like other mechanical equipment, are gradually degraded and lose their desired 
efficiency. The poor performance of the water meter for estimating the amount of subscribers’ 
water consumption has a negative effect on planning for the provision of water production 
resources and also causes financial losses to water and wastewater companies. Therefore, in the 
present study, the accuracy of measurement of domestic water meters including 2 new meters 
(Baylan and Talayeh) and 7 used meters (about 35 years old) has been experimentally 
investigated in the range of water consumption rates of evaporative coolers (up to the start-up 
flow-rate). For this purpose, each of the above meters is separately installed on the test bench 
and placed in the water flow path in series with an ultrasonic test meter (owned by South 
Khorasan Province Water and Wastewater Company) and a digital turbine meter (owned by the 
project manager). Then, the flow rate shown by each of these three meters (apparent flow rate) 
was simultaneously read and compared with the actual flow rate (measured by a calibrated 
container and a stopwatch). Therefore, in the range of flow rates of evaporative coolers,  the 
error of meter operation in measuring the correct amount of water consumption (or 
unaccounted-for water) and the values of Root-Mean-Square Error can be determined. The 
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results showed that the best operating range of domestic meters is between 15 and 22 liters per 
hour and RMSE values for this range of rates for the two new meters of Baylan and Talayeh are 
7.79 and 3.61 liters per hour, respectively. Also, the start-up flow-rate values for Baylan and 
Talayeh meters were measured at 13.8 and 7.7 liters per hour, respectively, which are closely 
similar to the results of other researchers. In addition, by changing the network’s water pressure 
by means of a pressure regulating valve, the effect of this parameter on the accuracy of the 
meters is evaluated. Moreover, the effect of changing the parameters such as altitude, dry-bulb 
temperature, and relative humidity on water consumption of an evaporative cooler with a 
capacity of 7500 m3/h was theoretically investigated for 4 cities of South Khorasan province. 
Through psychrometric calculations, it was observed that the highest consumption of water 
cooler occurred in conditions of high dry temperature, low relative humidity, and higher air 
pressure (Tabas city) at the rate of 56.39 L/h. 

Keywords: Water Meter Errors, Apparent Flow-Rate, Actual Flow-Rate, Water Pressure, Dry-
Bulb Temperature, Relative Humidity, Air Pressure. 
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Fig. 1. The arrangement of the meters with other elements on the test bench 
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Table 1. Selected cities of the province and average 

atmospheric pressure of each region 
City Tabas Nehbandan Birjand Sarbisheh

Elevation 
above sea level 

(m)
661 1185 1491 1817 

Atmospheric 
pressure (kPa) 93.610 87.861 84.673 81.342 

9��A&��� � ���+�9��A&���*C)��6� #A��(��6 � ��+ ��� �� 
K���9 i�5L �� ���+:��"� #,�4 ���"� ��� .;F����V� ���&�

��@�&����o('��A ��0�+ #��4 ��0�+&����F7� '��"��0��� )�
���6 �&��
� ���-
��}�84���;oq} *�J�� ���L 	
���'� 7���


�0' *+ F�'�4 *0��1�lK��9 i��W� 7�o.�"� 
7�B� K��9 �� *+ ��Lo� 	���=�&F��4 ��WA ���V�����0�+

�9�����7�'��"��0���) )��� ��0�+ *� �5�' )��� �� ( � ���+
*� ���+ ��6 6�6 ]�P? �;pw�?�� �"� *�� <
G . *�+ ��"� ��+v

���6 ��0�+ 	���B� �&���V� � �0=�� ��0�+ �� �� *� �5�' �����( 
"� 	��� 7�='.�

��&B 175�' ���L� � ���&9��A ��&9��A � ���+&���*C
Table 2. Temperature and relative humidity at cooler 

outlet and valve outlet  

Fan 
speed 

Temperature (˚C) Relative humidity 
(%) 

Cooler 
outlet 

Valve 
outlet 

Cooler 
outlet 

Valve 
outlet 

Slow-
turning 19.80 20.00 88.00 68.00 

High-
turning 17.97 20.00 88.00 70.00 

��&B 67���V� ��&�9�7����+ ��� ]�!�� ��0�+ `�' *" ��
Table 3. Flow rate values in the 3 types of meters in 

terms of fan speed 

Fan speed 
Average flow rate (liter per hour) 
Domestic 
meter 
(Baylan) 

Ultrasonic 
meter 

Turbine 
meter 

Slow 18.00 18.00 19.08
High 18.00 20.00 23.60
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������7���=� �� �o��� 
Table 4. Flow rate values of the new Baylan meter at water pressure 3 bar 

Error percentage 
(relative to ultrasonic 

meter)

Apparent flow rate (liter per hour)
Real flow rate 
(liter per hour) Turbine meter Ultrasonic meter Domestic meter 

(Baylan)
-10014.49.00.013.8 
+1017.415.0 16.516.4

024.021.021.021.8
-1535.730.025.532.7
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Fig. 2. Comparisonal curve corresponding with flow rate 
values of Baylan new meter at water pressure 3 bar 
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Table 5. Flow rate values of the new Baylan meter at water pressure 2 bar 

Error percentage 
(relative to ultrasonic 

meter)

Apparent flow rate (liter per hour)Real flow rate 
(liter per hour) Turbine meter Ultrasonic meter Domestic meter 

(Baylan)
-339.39.06.010.4 
012.012.012.014.5
-723.721.019.521.4

Fig. 3. Comparisonal curve corresponding with flow rate 
values of Baylan new meter at water pressure 2 bar 
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Fig. 4. Comparison of flow rate values of Baylan new 
meter at two different water pressures 
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Table 6. Flow rate values of the new Talayeh meter at two different water pressures 

Error percentage 
(relative to 

ultrasonic meter) 

Apparent flow rate (liter per hour)
Real flow rate 
(liter per hour) 

Water 
pressure Turbine meter Ultrasonic 

meter 
Domestic meter 
(Talayeh)

013.212.012.013.0 

3 bar 
017.0 15.0 15.0 16.8 

+20 20.0 15.0 18.0 18.3 
-423.021.020.121.4

+1510.012.013.710.71 bar 

Fig. 5. Comparisonal curve corresponding with flow rate 
values of Talayeh new meter at two different water 

pressures 
Co� \7����&�V��*���V���� ��&�9 ��0�+���L�*��=� �� ��

�TQ0�� 
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�L�**���
� ���=� �� � Z��@� ��0B+ �0�=�7��=' ����� �
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� 
��/����0�+��� �� 	��+��+&���6��P0�&���
� ������-����$

*0��1 �'� D" �8�6 �&� ���/	����� �6 	��� ���&��0'� ���� 	�4�
��/����! �����0�+:p� ��0 ��������� .��4�� �R��"�F/��. �� /

��4�W&FB'&7���6 0' *�S DL��$&+ ���,QBR ��� *�W��� �� �����0��
('���A&� 	��+����+�� 7�����m.F����9� /���� ����� 
��� 7�����/~����0�+

	��+��+ ���
� ��6�F-�8�6�)	��B4 �� ��0�+;~ppo ��08��/
��,QBR�"� *04�� �� �WA ��)����! ;;�?��(.

�0'� ��	��+��+ ��0�+ 7� � *0�4�� ���08� ��$� *+ �� 	��B�4)
;~ppo(�� -���
� <�S'� yc" �� ��=� 7�B� F�0B+ *�+ ���L

 K��9 ��}&� 	���=� F��4�7�2  ��&�5� .��"� 	��4 ��0B+ 	�4 
��/�9 ��0�+ ��0�� *��=� ��0��������7�	������ �� *�+ ��"� �

�X'���� ��D&;g�6::� �0���R�"F-���+ ��� *�+ ��4 	���=�
�� ���V� F� ��=�&	
��'� 1 ��	�4 2 '� -��+&����.

��&B _7�V�����&�9�7�����$ 	�4 ����0�+ 
��	��+��+ TQ0�� 
Table 7. Flow rate values of different used meters 

Error 
percentage 
(relative to 
ultrasonic 

meter)

Apparent flow rate
(liter per hour)Domestic 

meter 
number Turbine 

meter 
Ultrasonic 
meter

Domestic 
meter

-10011.8310.610.0013175 
-11 25.56 22.40 20.0 17003 
-90 9.22 8.12 0.82 23912 

-10015.2413.250.0026977
-100 19.78 17.80 0.00 34871 
-100 19.60 18.00 0.00 37982 
-100 18.8117.230.00 45087
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Table 8. Flow rate values of a used meter (No. 17003) at 

two different water pressures 

Error 
percentage 
(relative to 
ultrasonic 

meter)

Apparent flow rate 
(liter per hour)

Water 
pressure Turbine 

meter
Ultrasonic 
meter

Old 
domestic 
meter 

-10.725.5622.4020.002.5 bar 

-40.518.1016.8010.002 bar 

�7�7  ��")=�/  tAG�  !":����# P�"  O�G"Y  %�A�$u"  )
"�/; �� k"?� 

�� ��/�0' F-���l"���&��r6��_6 ����� �0�����N *"�F)�=A
5�' ���L�&� ��� �P�B6� ��=� �� 7�2 � Z��@� ��)��� ����+

��H �~gpp ]D,��0��Q+ .��4 *����� �R��" �� *��� ��5�"���
c��+ *��'�� 
� 	��P0"� �6��EES  <�S'��4.
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TQ0�� �84��#,4�*����� ���� .��"� 	��4 �˚Cog ����L� �
5�'&%:p*�� ��4 *�0��1 ��X' �� ��9�� 7����R	��" ���h6�  ��� 

� *� �5�'�/S�" ���! 	�'�4.�

Fig. 6. Water consumption of a cooler in 4 cities for 
changing dry air temperature (Øin=20%) 

Co� ^7�� ���+ � Z�@� ����B'{*� �84 �
��h6  �������

����) )=A%:pØin=(

�" ����B'��0���,�)h6 *� ����� �  ��� �����T8h��5��' �
���L��ω� 5�' ���L� ��&:p�?�� ����� �84 ���9� i���W�

 #,4~�"� .* !�' -���B' &���� /�� ��� �� 2 ' &6���! -��"�
 .�"� 	�4 	���*���� 
� �" ����B'���� *� ���84 #F7������ �8��=�

�4 ��09�.

Fig. 7. Changes in temperature and humidity ratio for 
Birjand city (Øin=20%) 
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�7�7�7"O� m%0 W)/K�=� ")5S�I �!"@ � �� "�/; �� k"?�G
�
:q� 

	��' h6  ��� � Z�@��)��H �� ���+ �~gpp ]�D,��0���
�� �R�"���V� 5�' ���L� TQ0��&��� �������˚CogTdb,in=

����{#,4 �� TQ0�� �84}.�"� 	�4 	��� 7�=' 

Fig. 8. Water consumption of a cooler in 4 cities for 
changing relative humidity of air (Tdb,in=35 ˚C) 

Co� `7�� ���+ � Z�@� ����B'{*� �84 �
��h6  ������L�
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�" � 	�4��h6  ��� � *� �5�'�/S�" ���! 	�.�'�4 

�" ����B'��0���,�)h6 *� �����  ��� 5��' ���L�&�∅� �
�5�' ���L� �ω���� ����5! ���� )=A˚Cog ������8�4

� ��9�F�� F&6���! -��"� * !�' �� 	��B� #,�4q	��4 	��� 7��=' 
�"�*���� 
� . �" ����B'��*� F���84 �� #���09� F7������ �8��=�

�4.

Fig. 9. Changes in relative humidity and humidity ratio 
for Birjand city (Tdb,in=35 ˚C) 
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��&B c7� 7�2��� ���+ � Z�@� Y"�0��"��� ���� �84 ��8.&
Table 9. Average water consumption of an evaporative 

cooler for the four cities  

Average water consumption 
(liter per hour) City 

56.39Tabas (661 m) 

54.23 Nehbandan (1185 m) 

53.00 Birjand (1491 m) 

51.69Sarbisheh (1817 m) 

�7�7	m��4� .�&0� �� C; ,�' N5"G&s0�!�/:-; 
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*� *��L � 7���� �� ����� ] 6�6;gp �{p�0 � ��"� F7�2� � /��� .
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Table 10. The effect of different parameters on water 
consumption of evaporative coolers  

Impact on 
water 

consumption 
of the cooler 

Parameter 
change 

(increasing 
percentage)

Parameter 

+9% 
from 81,342 Pa to 

93,610 Pa 
(15%)

Pressure (Pa) 

+77% 
from 25 ˚C to 

50 ˚C
(100%) 

Dry-bulb 
temperature (˚C) 

-65% from 5% to 30% 
(500%) 

Relative 
humidity (%) 

+24% from 1000 to 
1500 rpm

Slow-turning & 
High-turning 
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